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Description 

BACKGROUND OF THE INVENTiON 

Field of the Invention 

The present invention relates to a hydrogen -occlu- 
sion-alloy electrode for use as a negative electrode of 
an alkaline storage battery such as a nickel-hydrogen 
storage battery, and more particularly, to a hydrogen- 
occlusion-alloy electrode capable of restraining the in- 
ternal pressure of a battery from rising when the battery 
is overcharged, thereby prolonging a cycle life of the bat- 
tery. 

Description of the Related Art 

A nickel-hydrogen storage battery is recently at- 
tracting attention as a high-capacity battery. The nickel- 
hydrogen storage battery has a negative electrode, 
which is a hydrogen-occlusion-alloy electrode compris- 
ing a hydrogen -occlusion-alloy supported on a current 
collector, and a positive electrode comprising a nickel 
hydroxide as a positive electrode active material sup- 
ported on a current collector, and uses an alkaline solu* 
tion as the electrolyte. 

One of conventionally known hydrogen-occlusion- 
alloy electrodes for use in this type of storage battery is 
produced by mixing powder of a hydrogen-occlusion-al- 
loy, which is capable of reversible occlusion and release 
of hydrogen, with powder of a binding agent, such as 
polytetrafluoroethylene powder, polyethylene powder or 
polypropylene powder, and then molding the mixture in- 
to a sheet. Another hydrogen-occlusion-atloy electrode 
known in the art is produced by applying or filling a hy- 
drogen-occlusion-alloy to or in a current collector, which 
is an electrically conductive meshed sheet or perforated 
metal sheet having a desired rate of hole area, so that 
the current collector carries the hydrogen-occlusion-al- 
loy thereon. 

Of these two electrodes, the latter electrode is gen- 
erally produced as described below. 

First, a slurry containing hydrogen-occlusion-alloy 
powder is prepared in the following manner: A predeter- 
mined amount of hydrogen-occlusion-alloy powder hav- 
ing a predetermined particle diameter is dispersed in an 
aqueous solution of thickener, which is prepared by dis- 
solving a predetermined amount of one or more thick- 
eners such as methyl cellulose, carboxymethyl cellu- 
lose, polyethylene oxide and polyvinyl alcohol in ion-ex- 
change water or distilled water. At this time, in order to 
increase the binding force between the particles of the 
hydrogen-occlusion-alloy powder to be supported on 
the current collector and thereby prevent the alloy pow- 
der from peeling off the collector, a suitable amount of 
binder powder, such as polytetrafluoroethylene powder, 
polyethylene powder, polypropylene powder and poly- 
vinylidene fluoride powder, is added to the solution. Fur- 



ther, a suitable arrraunt of conductive powder, such as 
cobalt powder, copper powder and carbon powder, is 
added to the solution, to increase the electrical conduc- 
tivity of the hydrogen -occlusion -alloy so that the alloy 
s supported on the current collector has enhanced current 
collecting capability as the negative electrode. 

A current collector, which is a perforated nickel 
sheet or a nickel net, for example, is immersed in the 
slurry prepared as described above, and then is drawn 
10 up at a predetermined rate so that the slurry is filled in 
and supported on the current collector 

Subsequently, the slurry supported on the current 
collector is dried, and then the sheet or net with the dried 
slurry is rolled under a predetermined pressure to con- 
is trol the thickness of the dried slurry layer to a predeter- 
mined thickness and also to make the slurry layer close- 
ly adhere to the current collector, thereby obtaining a 
hydrogen-ooclusion-alloy electrode. 

In the case where polyvinylidene fluoride powder is 
20 used as the binding agent, after the above rolling step 
the whole structure is baked in a nitrogen atmosphere 
or in vacuum at a temperature of 150 to 210°C, for ex- 
ample, to thereby soften the binding agent so that the 
binding agent is firmly combined together. 
25 When a nickel-hydrogen storage battery is charged, 
the positive electrode thereof generates oxygen gas. 
The oxygen gas thus generated is reduced to water as 
it reacts with hydrogen occluded in the negative elec- 
trode. 

30 Generally, however, a potential at which charging 
reaction of the hydrogen-occlusion-alloy takes place is 
close to an electrolytic potential of water, and accord- 
ingly, when the battery Is overcharged, a large quantity 
of hydrogen gas is produced due to the electrolysis of 

35 water constituting the electrolyte. Consequently, the gas 
pressure of the hydrogen gas rises, increasing the in- 
ternal pressure of the battery. In fact, the hydrogen gas 
accounts for about 90% of the gases exerting the inter- 
nal pressure of the battery. 

40 Usually, In the nickel-hydrogen storage battery, 
when the Internal pressure exceeds 1.5 MPa, a safety 
valve built in the battery operates so as to release the 
internal gases. If this operation repeatedly takes place, 
however, the amount of the electrolyte gradually de- 

45 creases, shortening the life of the battery. 

Increase in the internal pressure can be controlled 
to some extent by increasing the capacity of the nega- 
tive electrode. Increasing the capacity of the negative 
electrode, however, is not desirable in the light of the 

50 demand for batteries with a higher energy density. 

OBJECTS AND SUIUIMARY OF THE INVENTION 

An object of the present invention is to provide a 
55 hydrogen-occlusion-alloy electrode which is incorporat- 
ed in an alkaline storage battery and is capable of re- 
straining the internal pressure of the battery from rising 
when the battery is overcharged. 
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To achieve above object, the present invention pro- 
vides a hydrogenocclusion-alloy electrode comprising: 
a current collector on which an active nDaterial mixture 
is supported, said active materia) mixture containing hy- 
drogen-occlusion-alloy powder, a binding agent and an s 
electrically conductive material as essential compo- 
nents, wherein the electrically conductive material is 
present in an amount of 1 to 20 parts by weight with re- 
spect to 100 parts by weight of the hydrogen-occlusion- 
alloy powder, characterized in that said electrically con- 
ductive material consists of a powder consisting of car- 
bon and nickel, wherein the carbon content of said con- 
ductive material is of 0.2 to 3% by weight. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a graph showing the relationship between 
the carbon content of an electrically conductive material 
and the internal pressure of a battery. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A hydrogen-occlusion-alloy electrode according to 
the present invention contains, as essential compo- 
nents, hydrogen-occlusion-alloy powder, a binding 
agent and an electrically conductive material, and is 
characterized in that the conductive material consists of 
powder in which nickel and carbon are mixed in a pre- 
determined ratio. 

Specifically, the conductive material may be carbo- 
nyl nickel powder having a carbon content of 0.2 to 3% 
by weight, or a mixture of powders prepared by mixing 
0.2 to 3% by weight of cartaon powder in pure n ickel pow- 
der. 

The cart3onyl nickel powder has a three-dimension- 
al chain structure, like the structure of carbon black, and 
is produced by thermally decomposing nickel carbonyl 
as a raw material. The content of residual carbon can 
be controlled to the aforementioned range by suitably 
selecting the loading of nickel carbonyl and the temper- 
ature for thermal decomposition. 

The function of carbon contained in the conductive 
material is not specifically known, but it is considered 
that, where nickel and carbon coexist, carbon acts as a 
catalyst for accelerating the reaction (reduction to water) 
to combine oxygen, generated from a positive electrode 
during an overcharged state, with hydrogen occluded in 
the hydrogen -occlusion -alloy. It is also considered that 
carbon serves to restrain a negative electrode from be- 
ing oxidized by the oxygen generated as aforesaid, 
thereby restraining generation of hydrogen from the 
negative electrode as a result of an increase in overvolt- 
age caused due to the oxidation of the negative elec- 
trode. 

If the carbon content of the conductive material is 
smaller than 0.2% by weight, the aforementioned effects 
of carbon are not achieved, and the internal pressure of 



a battery, which uses as the negative electrode a hydro- 
gen-occluston-alloy electrode produced using powder 
of such conductive material, rises up to 1 ,5 MPa or more 
when the battery is overcharged. On the other hand, if 
the carbon content is greater than 3% by weight, the vol- 
ume ratio of cartoon with respect to the whole conductive 
powder is too great, since the specific gravity of carbon 
is about 1 .5 g/cm^ and that of nickel is about 7.8 g/cm^. 
Consequently, the function of nk:kel is not fully obtained, 
with the result that the internal pressure of the battery 
rises when the battery is overcharged, as in the above 
case. Thus, in cases where the carbon content is out- 
side the aforementioned range, the internal pressure of 
the battery rises when the battery is overcharged. 

Where carbonyl nickel powder is used as the con- 
ductive material, the particle diameter thereof as meas- 
ured by the Fisher method should preferably be 1 .5 ^m 
or less. In the case where a mixture of pure nickel pow- 
der and carbon powder is used for the conductive ma- 
terial, the powders are each preferably reduced to 1 jim 
or less in particle diameter before being mixed. 

The hydrogen-occlusion-alloy electrode according 
to the present invention can be produced as follows: 

First, hydrogen-occlusion-alloy powder having a 
predetermined particle diameter, the aforesaid electri- 
cally conductive powder, and powder of a binding agent 
are dispersed, in respective predetermined quantities, 
in a thickener aqueous solution prepared by dissolving 
a predetermined amount of a thickener in ion-exchange 
water or distilled water, to obtain a slurry. 

For the thickener, methyl cellulose, carboxymethyl 
cellulose, polyethylene oxide, polyvinyl alcohol, etc.. 
can be used, as in conventional hydrogen-occlusion-al- 
loy electrodes. Any one of these substances may be 
used singly, or two or more of them may be mixed for 
use. 

As the binding agent, polytetrafluoroethylene pow- 
der, polyethylene powder, polypropylene powder, poly- 
vinyl idene fluoride powder, etc., can be used, as in con- 
ventional hydrogen-occluslon-alloy electrodes. Any one 
of these substances may be used singly, or two or more 
of them may be mixed for use. 

When preparing the slurry, if the amount of the con- 
ductive powder is too small, the produced hydrogen-oc- 
clusion-alloy electrode has poor electrical conductivity 
and thus is degraded as the negative electrode due to 
low current collecting capability. If the amount of the con- 
ductive powder is too large, the amount of the hydrogen- 
occlusion-alloy powder supported on the negative elec- 
trode becomes relatively small, and the discharge ca- 
pacity of the assembled battery lowers. If the amount of 
the binding agent is too snnall, the hydrogen-occtusion- 
alloy powder is liable to peel off the current collector. On 
the other hand, if the amount of the binding agent is too 
large, the amount of the hydrogen-occlusion-alloy pow- 
der adhering to the negative electrode becomes rela- 
tively small and the discharge capacity of the assembled 
battery lowers, as in the case where the amount of the 
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conductive powder is too large. Further, the surface of 
the hydrogen-occlusion-ailoy powder is covered with 
excess binding agent, causing a rise in the internal pres- 
sure of the battery when the battery is overcharged. 

Usually, 1 to 20 parts by weight of the conductive 5 
powder and 0.3 to 5 parts by weight of the binding agent 
are preferably mixed in 100 parts by weight of the hy- 
drogen-occlusion-alloy powder. More preferably, the 
contents of the conductive powder and binding agent 
are 2 to 15 parts by weight and 0.4 to 3 parts by weight, 
respectively, with respect to 100 parts by weight of the 
hydrogen-occlusion-alloy powder. 

Subsequently, a current collector having a large 
number of holes therein, such as a perforated nickel 
sheet or a nickel net, is immersed in the slurry prepared 
in the above-described manner and then drawn up 
therefrom, whereby the slurry is attached to and filled in 
the current collector. 

The slurry attached to the current collector is then 
dried, and the current collector with the dried slurry is 
rolled under a predetermined pressure (normally 0.5 to 
4 ton/cm2). to control the thickness of the dried slurry 
and that of the collector to respective predetermined 
thicknesses, and also to make the dried slurry closely 
adhere to the current collector 'so that the former may 
not peel off the latter. After this, the rolled current col- 
lector is baked, for example, in a nitrogen atmosphere 
at a predetermined temperature (normally 140 to 
200** C), to firmly combine the alloy powder and the con- 
ductive powder together by the binding agent, thereby 
obtaining a hydrogen-occlusion-alloy electrode. 

Example 1 

Using an arc melting method, a hydrogen -occlu- 
sion-alloy, the composition of which is represented by 
MmNis aCo^ oMno.4Alo.3 (Mm denotes misch metal), 
was produced and the ingot thereof was crushed into 
powder of 150 mesh or less (Tyler sieve). 

Then, a thickener aqueous solution was prepared 
by dissolving 1% by weight of carboxymethyl cellulose 
in ion-exchange water, and 250 g of the solution thus 
prepared was poured into each of vessels. Subsequent- 
ly, in each vessel containing 250 g of the solution were 
added 1 000 g of the aforesaid hydrogen-occlusion-alloy 
powder. 150 g of carbonyl nickel powder having a par- 
ticle diameter of about 0.7 |im as measured by the Fish- 
er method but having a different carbon content, and 30 
g of polyvinylidene fluoride powder having an average 
particle diameter of 3 pm. Each solution with the pow- 
ders therein was stirred well to obtain a slurry. 

A perforated nickel sheet having a thickness of 0.07 
mm and a rate of hole area of 38% (hole diameter 1 .5 
mm) was immersed in each slurry and then drawn up 
therefrom. The slurry attached to the nickel sheet was 
dried in the air, and the resulting sheet was rolled under 
a pressure of 2 ton/cm^ and then baked in a nitrogen 
atmosphere at 170'C for one hour, thereby obtaining a 



negative electrode sheet (hydrogen-occlusion-alloy 
electrode). 

Also, a spongy nickel sheet, which was 1 . 1 mm thick 
and had a porosity of 94%, was filled with an active ma- 
terial mixture which was prepared by adding a car- 
boxymethyl cellulose aqueous solution of a 1% concen- 
tration to a mixed powder consisting of 93% by weight 
of Ni(OH)2 powder and 7% by weight of CoO powder. 
The sheet was dried at lOO^C for two hours and then 
rolled under a pressure of 1 ton/cm^, thereby obtaining 
a positive electrode sheet. The filling quantity of the ac- 
tive material was 3.6 g. 

A nylon separator of 0.18 mm thick was interposed 
between the positive electrode sheet and the negative 
electrode sheet, and the entire assembly was wound in- 
to a roll to obtain a power generating element having a 
diameter of about 1 3 mm. Each element was housed in 
a cylindrical container which was made of iron plated 
with nickel and which had an inner diameter of 1 3.2 mm. 
A KOH aqueous solution having a specific gravity of 
1.37 was poured into each container and the container 
was covered with a lid. In this manner, enclosed cylin- 
drical batteries with a rated capacity of 1000 mAh were 
produced. 

Each of the batteries was overcharged under the 
condition indicated below and the intemal pressure 
thereof was measured. 

Charge: 1 C, 4.5 hours; Temperature: 20° C. 

The results are shown in FIG. 1, which illustrates 
the relationship between the carbon content (wt%) of 
carbonyl nickel powder and the battery intemal pressure 
(MPa). 

As is clear from FIG. 1, the internal pressures of 
those batteries which are provided with the hydrogen- 
occlusion-alloy electrode produced using carbonyl nick- 
el powder with a carbon content of 0.2 to 3% by weight 
as the conductive material are lower than 1 .5 MPa. 



1. A hydrogen -occlusion-alloy electrode comprising: 

a current collector on which an active material 
mixture is supported, said active material mix- 
ture containing hydrogen-occlusion-alloy pow- 
der, a binding agent and an electrically conduc- 
tive material as essential components, 
wherein the electrically conductive material is 
present in an amount of 1 to 20 parts by weight 
with respect to 100 parts by weight of the hy- 
drogen-occlusion-alloy powder, characterized 
in that 

said electrically conductive material consists of 
a powder consisting of carbon and nickel, 
wherein the carbon content of said conductive 
material Is of 0.2 to 3% by weight. 
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2. The hydrogen-occlusion-alloy electrode according 
to claim 1 . wherein said electrically conductive ma- 
terial is carbonyl nickel powder. 

3. The hydrogen-occlusion-alloy electrode according 
to claim 1 , wherein said electrically conductive ma- 
terial is a mixture of pure nickel powder and carbon 
powder. 

4. The hydrogen-occlusk)n-alloy electrode according 
to claim 1 , wherein said binding agent comprises at 
least one powder selected from the group consist- 
ing of polytetrafluoroethylene powder, polyethylene 
powder, polypropylene powder and polyvinyl idene 
fluoride powder. 

5. The hydrogen-occtusion-alloy electrode according 
to claim 1 , wherein said active material mixture con- 
tains 0,3 to 5 parts by weight of said binding agent 
with respect to 1 00 parts by weight of the hydrogen- 
occlusion -alloy powder. 



PatentansprQche 

1. Etne Elektrode aus Wasserstoffeinlagerungslegie- 
rung, die folgendes umfalBt: 

einen Stromabnehmer, auf den ein Aktivstoff- 
Gemisch getragen wird, wobei das Aktivstoff- 
Gemisch als wesentliche Bestandteile Wasser- 
stoffeinlagerungslegierungs-Pulver. ein Binde- 
mittel, und ein elektrisch ieitendes Material ent- 
hait, 

worin das elektrisch leitende Material in einer 
Menge von 1 bis 20 Masseteile in bezug auf 
100 Masseteile des Wasserstoffeinlagerungs- 
leglerungs-Pulvers vorhanden 1st. dadurch ge- 
kennzeichnet, da3 

das elektrisch leitende Material aus einem Pul- 
ver besteht. das aus Kohlenstoff und Nickel be- 
steht, worin der Kohlenstoffgehalt des leiten- 
den Materials 0,2 bis 3% Massenprozente be- 
tragt, 

2. Die Elektrode aus Wasserstoffeinlagerungslegie- 
rung nach Anspruch 1 , worin das elektrisch leitende 
Material Cartx>nyl-Nickeipulver ist. 

3. Die Elektrode aus Wasserstoffeinlagerungslegie- 
rung nach Anspruch 1 . worin das elektrisch leitende 
Material ein Gemisch aus reinem Nickelpulver und 
Kohlenstoff pulver ist. 

4. Die Elektrode aus Wasserstoffeinlagerungslegte- 
rung nach Anspruch 1 , worin das Bindemittel min- 
destens ein Pulver umfa3t, das aus der Gruppe 
ausgewahtt wird. die aus Polytetrafluoroethylen- 



Pulver, Polyethylen-Pulver, Polypropylen-Pulver 
und Potyvlnyliden-Fluoridpulver besteht. 

5. Die Elektrode aus Wasserstoffeinlagerungslegie- 
5 rung nach Anspruch 1, worin das Aktivstoff-Ge- 
misch 0,3 bis 5 Masseteile des Bindemittels in be- 
zug auf 100 Masseteile des Wasserstoffeinlage- 
rungslegiemngs-Pulvers enthalt. 



1. Electrode en alliage k occlusion d'hydrog^ne 
comprenant : 

IS 

un collecteur de courant sur lequel un melange 
de mati^res actives est supporte. ledit melange 
de mati^res actives contenant une poudre d'al- 
liage ^ occlusion d'hydrog^ne, un agent de 

20 liaison et une matidre electriquement conduc- 

trice comme composants essentiels, dans le- 
quel la matiere electriquement conductrice est 
pr6sente dans une quantity de 1 ^ 20 parties 
en poids par rapport aux 100 parties en poids 

2S de la poudre d'alliage ^ occlusion d'hydrog^ne, 

caract^ris^e en ce que ladite matiere Electrique- 
ment conductrice est constitute d'une poudre com- 
prenant du carbone et du nickel, ou la teneur en car- 
30 bone de ladite matiere conductrice est de 0,2 a 3% 
en poids. 

2. Electrode en alliage k occlusion d'hydrog^ne selon 
la revendicatibn 1 . 

3S dans laquelle ladite matiere Electriquement con- 
ductrice est une poudre de nickel carbonyle. 

3. Electrode en alliage k occlusion d'hydrog&ne selon 
la revendication 1 , 

40 dans laquelle ladite matifere Electriquement con- 
ductrice est un mElange de poudre de nickel pur et 
de poudre de carbone. 

4. Electrode en alliage k occlusion d'hydrogene selon 
45 la revendicatbn 1 , 

dans laquelle ledit agent de liaison comprend au 
moins une poudre choisie k partir du groupe com- 
prenant une poudre de polytetrafluoroethylene, une 
poudre de polyEthylene, une poudre de polypropy- 
50 t§ne et une poudre de fluorure de poiyvinylidene. 

5. Electrode en alliage k occlusion d'hydrogEne selon 
la revendicatbn 1 , 

dans laquelle ledit mElange de matieres actives 
55 contient 0,3 k 5 parties en poids dudit agent de 
liaison par rapport aux 100 parties en poids de la 
poudre d'alliage k occlusion d'hydrogene. 
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